Given the Gulf Stream's central role in the North Atlantic's wind-driven and meridional overturning circulation (MOC), there is considerable interest in measuring mass and heat flux to sufficient accuracy that their variability can be quantified with some degree of confidence. Here we combine high-resolution direct measurements of upper ocean transport from the last 17 years of Oleander ADCP data with previously published estimates of baroclinic transport to examine Gulf Stream transport variability over the last 80 years just downstream of where the current separates from the U.S. east coast.
Introduction
Numerous efforts have been made over the years to determine Gulf Stream (GS) transport off the U.S. east coast. The task would seem straightforward given that one cannot fail to cross it, and almost always it exhibits an easily recognized shape. Nonetheless, the task of measuring transport and how this varies over time poses a significant challenge due to its interactions with the surrounding waters such that the instantaneous transport will include not only the ocean-or gyre-scale "throughput" of interest, but also the large and variable contribution from local recirculations induced by the constant shifting in position, direction of flow and curvature of the current in addition to the often present GS rings. The other practical challenge is that of identifying the edges of the current because unless correctly identified, the estimated transport will inevitably be biased downward from its true value, particularly on the cyclonic side where the lateral shear at zero velocity often is quite large. The large short-term variability of the current coupled with infrequent sampling can make it difficult to separate out or distinguish the longer-term variations. Given the GS's prominence in the large-scale wind-driven and meridional overturning circulation, it behooves us to measure its transport accurately and confidently.
The above challenges notwithstanding, our knowledge of GS transport has improved significantly over the years. This results from a growing database on the one hand and improved methodologies on the other. Since the 1930's well over 100 hydrographic sections have been taken downstream of Cape Hatteras (see Iselin, 1940; Worthington, 1976; Sato and Rossby, 1995 (hereafter SR) (hereafter RFD) gave a first major compilation of transport measurements from the ADCP program. Since that time we have operated a deeper reaching ADCP enabling us to estimate directly vertical gradients of transport. In this paper we extend that earlier study to include all ADCP data through September 2009. A very fortunate aspect of the New Jersey-Bermuda route is that it crosses the Gulf Stream where it exhibits a node in meandering (Cornillon, 1986) . The route also spans the Slope and Sargasso Seas. The velocity data have been used in a wide range of studies, such as to examine the velocity and vorticity structure of the GS (Rossby and Zhang, 2001) , cross-frontal exchanges as a source of nutrients (Schollaert et al., 2004) , the structure and variability of the outer shelf and slope currents (Flagg et al., 2006) , and spectral analyses of the horizontal velocity and near-surface temperature field (Wang et al., 2010) . The project was established primarily to gain a better handle on the GS and its variability. This paper reports on what we have found from the 17 years of operation, and puts these findings in perspective of other, earlier studies. This paper differs from the above-mentioned RFD study in that we focus on the GS itself, not the surrounding waters. The analysis will confirm that by far most of the variability occurs on fast time scales, so fast that they cannot be resolved even with weekly sampling. This lack of sufficiently frequent, regular and complete sampling prevents a formal spectral analysis; nonetheless, the number of resolved crossings of the GS allows us to improve our knowledge of its variability on seasonal to interannual time scales. We also include a dynamical analysis of the 1873 Challenger section across the GS, 1 ⁄2-century before the start of repeat surveys of the GS. In the next section we briefly summarize the data and methods of analysis used here. The section thereafter presents the results. This is followed by a discussion of the principal findings and a brief summary.
Data and methods
The ADCP data comprise two subsets, data obtained with the 150 kHz ADCP that operated between fall 1992 and fall 2004, and 75 kHz data collection that began in 2005. Velocity is derived from the Doppler shift of the backscattered signal. In order to achieve maximum depth range, we sacrifice some detail such that the vertical resolution of the velocity profiles is 16 m. Operation has been effectively continuous since the start of the program, but for a variety of reasons the data return is far from uniformly distributed. The weekly roundtrip between Bermuda and New Jersey defines in principle a shortest resolvable period of one week. However, data from the northbound leg to New Jersey are often poor to nonexistent due to the light load factor and bow-up trim of the Oleander leading to greater downdraft of bubbles under the vessel. The southbound legs provide much better data return, but they too require reasonably good weather. Further, change in weather often results in only partial coverage of a transect. The strong temperature contrast across the "North Wall" of the GS can lead to shifty winds and concomitant spotty data returns in that area. Thus, we have less data to work with in winter, and gaps can occur at any time. We endeavor to process the data on a weekly schedule. This allows us to respond to problems quickly; nevertheless there are a couple of cases with downtimes of order 3 months due to equipment failures. Finally, it took us several months to overcome a bug with the new 75 kHz ADCP and we were not able to save data for depths greater than 400 m for seven months in 2005.
The velocity measurement has typically 1-2 cm s Ϫ1 accuracy, but this cannot be guaranteed at all times because it depends not only on the instrument itself but also on continuously accurate knowledge of vessel speed and heading. The latter is obtained from a Thales ADU5 3D-GPS. Although its overall performance is quite good, drop-outs do occur at which time we depend upon the vessel's gyrocompass (calibrated from recent prior and later ADU5 input). The main cause of dropouts seems in retrospect to be intermittency caused by weathering and gradual aging of the four antennae and cables. We do not know of any significant bias that could contaminate the resulting estimates of absolute velocity. One measure of the absence of bias is that the grand average of transport estimated from all southbound transits (N ϭ 408) agrees with the northbound set (N ϭ 187) to within 1.3%. Transport is very sensitive to heading errors so this gives us confidence in the installation and calibration procedures. Thus we make no distinction between directions of travel in the following analyses. The 150 kHz instrument had limited depth reach, 200 -300 m, in the GS. The 75 kHz instrument often reaches at least twice as deep. The reader is referred to Flagg et al. (1998) for further details about the ADCP installation and operation on the MV Oleander. The method of transforming or rotating the observed velocity data into stream or natural coordinates follows past practice (e.g. Halkin and Rossby, 1985, hereafter HR; Johns et al., 1995) . In order for a transit to be included in the data set considered here we require a discernable velocity maximum within the latitude band 36.6 -39.2°N (these limits chosen to distinguish between the GS and GS rings) and that within that band the largest data gaps span less than 20 km, this to insure that the section is reasonably complete. In practice, a given section will have rather complete coverage or else some part, often near the North Wall, will be largely missing thus voiding its inclusion in these analyses. The peak velocity vector defines the position and direction of GS flow at that time. the mean flow and its variance in Eulerian or geographical coordinates (top panel), and in stream or natural coordinates (bottom panel). The abscissa indicates along-track distance from 40°45ЈN 74°W and distance from the center of the current, respectively (both in km). The roughly factor 8 reduction in variance from geographical to natural coordinates clearly demonstrates that most of the Eulerian variability observed in the GS results from the meandering of the current and not from structural changes to the current itself. The coincidence of maximum variance with the region of cyclonic shear reinforces this point. Johns et al. (1995) make the same observation of the GS farther east where the envelope of meandering is rapidly widening just west of the New England Seamount Chain. The lower panel indicates that although the current meanders through (and also induces) a highly variable environment, one can in fact average out this variability and obtain a well-defined mean flow given a large number of resolved sections. This has been shown in many studies (e.g. HR; Johns et al., 1995; Rossby and Zhang, 2001) .
ii. The vertical structure. The ADCP sections, frequent and accurate though they are, have the limitation of not reaching very deep raising the question of how well they represent the water column underneath. To examine this we use the recent 75 kHz data to construct a profile of mean of layer transport. This approach also enables us to compare directly a variety of sources including, in addition to ADCP data, the many hydrographic sections that have been accumulated over the years (SR), the Pegasus sections from the early 1980's (HR), and even moored current meter data that have been remapped into stream coordinates (Johns et al., 1995) . Here we update the RFD paper to include the recent 75 kHz data, which in the best of circumstances can reach as deep as 700 -800 m. the difference agrees in magnitude with the relatively depth-independent inflow of water from both the Slope and Sargasso Sea side at the Pegasus line (HR). The fluctuations in transport are quite coherent in the vertical. Figure 4 shows correlation of layer flux from the surface down, using either 55 or 105 m as a reference layer. The latter exhibits better correlation with the water column than does 55 m suggesting additional activity limited to the near-surface environment. The figure shows statistically significant correlation of transport down to the upper thermocline at 605 m although there is a curious drop in correlation at ϳ500-m depth. We return to this in the discussion.
b. Temporal patterns
We now examine the temporal variability of layer transport in different frequency bands. The unit of information for all that follows will be transport at 52 m (150 kHz ADCP until fall 2004) or 55 m (75 kHz ADCP thereafter), defined as the amount of water crossing the ship's track in the GS area with the limits of integration set by where the velocity normal to the ship's track (oriented along ϳ140°and ϳ320°) first goes to zero from either side of the downstream velocity maximum. Integration takes place in the form of trapezoidal summation with a maximum allowed (along-track) data gap of 20 km. The resulting time series exhibits considerable variability on short time scales. As noted earlier, these are caused by the meandering of the current and induced nearby circulations. First, we estimate the annual cycle; this can be done quite well thanks to 17 years of sampling. We then look at inter-annual variations by averaging data into 12-month segments, stepped every 6 months.
i. The annual cycle. The simplest way to get a handle on the annual cycle is to overlay all data from the entire 1993-2009 period as a function of time of year only as shown in Figure  5 , where the top and bottom panels represent transport at 55-and 205-m depth. The least squares sine fit to the data has an amplitude of 5900 m 2 s Ϫ1 or 4.3% of the mean flow at 55 m and 1787 m 2 s Ϫ1 or 1.5% of the mean flow at 205-m depth. These are quite small compared to the 16 and 14% scatter for the two layers. The volume of data decreases rapidly with a further increase in depth precluding reliable estimates of the annual cycle at greater depths. Note also the lower data return in winter. Together, these two panels strongly suggest that the annual cycle has a surface intensified signal.
ii. Interannual variations. To look at the longer time scales we bin the data in yearly segments stepped every 1 ⁄2-year, Figure 6 . The unequal spacing of the data reflects the averaging in both magnitude and time. A 4-point running boxcar average of these leads to the dashed line. The standard deviation of the two lines relative to the mean is 5 and 3.2%, respectively. The boxcar has a half-power point at about twice its length or about 4 years. While the variance at these long time scales may not be very large, significant changes can develop on time scales of a few years, such as at the very start of the time series and during the 2000's with a maximum in 2004 and minimum in 2007, a range of 12% of the mean. A linear least square fit indicates a less than 1% increase during this 17-year period.
Discussion
The Oleander space-time series is the longest running ADCP operation of ocean current measurements. The single most important and considerable strength of this project lies in the very large set of high resolution horizontal transects enabling us to delineate the instantaneous location of the GS, and thereby quantify the uncertainty inherent in a single estimate of transport on the one hand, and through appropriate averaging determine (i) the annual cycle, and (ii) longer term variations.
Earlier hydrographic studies of GS transport (Worthington, 1976; SR) noted the large uncertainty in estimating transport due to the large scatter between sections. The same observation obtains here. While direct measurement of currents still has limited depth capability, we find that the average scatter around 1-year means for the 17-year period is 15%. This appears to be quite similar in magnitude to that of the SR study, which in their Figure 10 shows ϳ10 Sv (1 Sverdrup ϭ 10 6 m 3 s Ϫ1 ) deviation around a 71 Sv mean baroclinic transport. These studies agree that what might be called the inherent uncertainty in estimating mean transport from a single section across the GS is about 15%. The 75 kHz ADCP allows us to profile layer transport to greater depths than in the past (Fig. 3) . Although the data for the figure come from the last five years only, they reveal clearly the expected baroclinic shear in transport. An almost identical rate of decrease in layer transport can be seen in the 1980 -1983 Pegasus program at 73°W (HR), dashed line in Figure 3 , The offset may be explained in terms of the strong inflows from both sides at However, at the Oleander line there is a conspicuous outflow to the north of almost 0.1 m s Ϫ1 and almost nothing to the south (Rossby and Zhang, 2001) indicating that the mean in-and outflows possess considerable along-stream "finestructure" that would appear to preclude a detailed accounting for the differences in layer transport between the two lines. While the scatter in layer transport applies to the upper ocean only, Figure 4 shows high correlation of velocity between 600 m and the top 100 m. This agrees with other studies that show that the vertical structure of flow in the GS can be accounted for quite effectively with only a few flat-bottom linear dynamical modes (e.g. Rossby, 1987) . More generally, the highly coherent tilt of the density field across the GS explicitly requires a correspondingly high coherence to the baroclinic flow field. Hence variability of the near-surface waters will be representative of the baroclinic water column. But it is curious that the correlation drops at depths around 500 m. Given the limited amount of data this could be a fluke, but it could also point to some embedded layer-limited activity such as lenses, in which case they very likely would be layered in or organized by the density field. The significance of this low correlation may become clearer as the database grows.
The amplitude and phase of the sine wave estimate of the annual cycle at 55-m depth shows a clear maximum in mid-September with amplitude of 5900 m 2 s Ϫ1 (equivalent to a It is unclear at this stage what happens at greater depths due to insufficient data. If this annual cycle is viewed as a strictly surface-limited signal superimposed on a seasonal modulation of the main baroclinic current, i.e. one that drops linearly to 0 at 205-m depth, say, we would obtain a seasonal thermocline transport cycle with an amplitude of (5900 -1787) m 2 s Ϫ1 ϫ 205 m ϫ 1 ⁄2 ϭ 0.4 Sv (as if 5900 had been measured at the surface). The seasonal modulation of the GS transport would be roughly 1787 m 2 s Ϫ1 ϫ 600 ϳ 1.1 Sv, where the factor 600 can be understood as the equivalent thickness of the upper layer of a 2-layer GS-system (see Appendix A for further details). These numbers (0.4 Sv and 1.1 Sv) can be compared to the corresponding baroclinic estimates in the SR study: 0.3 Sv and 4 Sv amplitude assuming 0 velocity at 300 and 2000 m, respectively. The agreement for the surface layer is reasonably good. On the one hand the seasonal cycle decays more rapidly than linearly with depth as assumed here; this would reduce our estimate. Unfortunately, the lack of data from the crucial top 50 m where the seasonal amplitude is largest makes a more detailed assessment problematic. Nonetheless, these findings are encouraging, especially in light of the close agreement with SR in phase, a maximum in September. With regard to the water column, the SR hydrographic estimate should more reliable. It is an integral in the vertical compared to a single layer estimate at 205-m depth. The question of why the seasonal amplitude is so small here warrants further study: does the scale factor 600 used above for steady flow apply to a seasonal cycle? In addition, we have no idea if there exists a barotropic component, and if so what would be its amplitude and phase. It is noteworthy that the seasonal cycle at 205-m depth has its maximum in July, close to that of the SR study. A recent paper by Beal et al. (2008) reports that the seasonal signal in the Florida Straits peaks slightly earlier (May-June-July) with a range (twice the amplitude) of 4.7 Sv, larger than what we estimate from the 205 m signal and smaller than the SR amplitude. The long time series of directly measured transport gives us a more detailed view of the structure of interannual variations than has been possible in the past. Thus, a dramatic drop at the very start of the measurement program, then a 10-year period of gradual increase with ϳ2-3 year fluctuations before a 12% drop over 3-4 years, since then back to average values in 2009. RFD comment at some length on the first event, noting that it showed up in both the Bermuda hydrographic time series as well as in the Florida Straits transport record (see DiNezio et al., 2009) . These swings, when multiplied by 600 to estimate the corresponding baroclinic transport, amount to a 10 Sv range in flux variations and thus in absolute terms are significantly larger than those observed on these time scales in the Florida Straits (DiNezio et al., 2009) . Nonetheless, it seems highly plausible that Florida Straits variations do contribute to variability at the Oleander transect, but given that baroclinic transport at the Oleander line is well over twice as large, one should look elsewhere for additional sources of transport variability.
An obvious question would be whether transport variations in the GS correlate with flux variations in the surrounding waters. Figure 7 , an update of Figure 5 in RFD shows the total net flow at 55-m depth between the continental shelf break and Bermuda and its three subregions: the GS flow east (positive) and the Slope and Sargasso Sea fluxes, both flowing west across the Oleander line (negative). Slope Sea flow exhibits only small and slowly varying flows. The Sargasso Sea, on the other hand evinces quite large and rapid fluctuations, but its potential relationship to the GS needs further study.
The GS shows what appears to be a significant correlation with the NAO-index (http://www.cpc.noaa.gov/data/teledoc/nao.shtml). In Figure 8 we plot the 1-year lowpassed filtered NAO-index in the top panel, and the GS flux (from Fig. 7 ) in panel b. The GS has a correlation coefficient of about Ϫ0.4 at 3-5 month lag with respect to the NAO-index and appears to be significant at the 90% level. It is thanks to the length of the time series (a major objective of the Oleander program) that these patterns appear to be emerging. The negative correlation means that its layer transport decreases for positive NAO values. A positive NAO index means that the westerlies in the Gulf Stream area are weaker than normal, and vice versa for a negative NAO index (see Figure 5a in DiNezio et al., 2009) . One possibility might be that weaker winds mean a weaker Ekman flow and convergence to the south leading to a lessening of sea level slope with a corresponding reduction in near-surface transport. The bottom panel shows the position of the GS (as measured by the location of the maximum velocity vector). It shifts northward with a slight delay when the NAO index is positive. This has been noted in many studies (e.g. Joyce et al., 2000; Rossby and Benway, 2000; Hameed and Piontkovski, 2004) .
It is appropriate here to recall the work by Sturges and Hong (2001) , who argued that interannual variations in GS transport off the U.S. east coast have a wind-driven origin. In fact, they were able to account for much of the interpentadal variability in the hydrographic record reported by SR. This points to winds as a major driver of GS variations on these time scales. If, in fact, winds do account for most of the interpentadal transport variability, it must follow that the MOC (i.e. the thermohaline) contribution to GS transport has been quite stable over the 80 years of direct measurement since the upper or north-flowing limb of the MOC must pass through the Oleander section. By stable we mean a lack of any secular trend on multi-decadal time scales. There is even suggestive evidence of stable transport over the last 140 years based upon a H.M.S Challenger section. On May 1, 1873 the H.M.S. Challenger crossed the GS while conducting a survey from Bermuda toward New Jersey. So far as we know this is the first hydrographic crossing of the GS. Seven temperature profiles were taken, the first one just off Bermuda and the last one in the slope waters just north of the GS, and only one within the current itself, Figure 9 . We have used this section to estimate GS transport at the time. This can be done quite Figure 7 ; the line in (c) is a 1-year average of all data stepped every 6 months.
accurately because geostrophic transport depends only upon the difference in potential energy anomaly (PEA) bracketing the flow of interest (Fofonoff, 1962) . We consider the PEA difference between Challenger stations 42 and 44. To do this, we examine a large number of modern stations (from the SR study) to either side of the GS to establish a regression between PEA and average temperature for a selected depth range across the thermocline. Given average temperature from these stations we then have the local PEA, from which transport is obtained. See Appendix B for further details. The result is shown in Figure 10 . That the estimated transport should fall right on the SR annual cycle of transport is, of course, a coincidence given the 15% measurement uncertainty established above, but it does suggest that an average transport a century earlier might have been close to what we observe today.
Summary
This paper provides an updated overview of the longest time scales of variability in the GS off the U.S. east coast. Seventeen years of directly measured upper-ocean currents show that the average scatter of single transport estimates around 1-year means is about 15%, an estimate that fits with the scatter seen in earlier hydrographic estimates of transport. The annual cycle of layer transport is strongly surface-intensified with an amplitude of 4.3% at 55-m depth with a maximum in September. At 205 m the amplitude has decreased to a third. The surface-forced seasonal cycle should be significantly damped at this depth such that the remaining seasonal signal should be seen as a modulation of GS transport. While the seasonal cycle of surface transport agrees reasonably well with hydrographic estimates (SR), our direct estimate of the seasonal modulation of the GS is smaller than that of SR by a factor 4. Most likely this reflects (i) an uncertainly in how to scale up this layer estimate to encompass the entire GS, and (ii) a complete lack of knowledge about seasonal variations of the deep barotropic component. Clearly, we need Figure 9 . The 1873 temperature section between the Virgin Islands, Bermuda and New York (Thompson, 1877) .
to measure currents to greater depths. Annually averaged variations in transport at 55-m depth have a standard deviation of 5% for the 17-year record. This drops to 3.2% for periods of two years and longer. There is clear evidence of a correlation between the NAO and GS such that its transport weakens when the NAO is in a positive phase. This result together with the Sturges and Hong (2001) study, which concluded that most of the observed interpentadal variability reported by SR can be accounted for in terms of time-varying winds over the North Atlantic, suggests that the upper branch of the MOC, the other component of GS transport, has been quite stable over the last 80 years. from the NSF. ONR has also provided very helpful assistance. We thank two reviewers for their comments which helped improve the paper significantly.
APPENDIX A
The 12°C isotherm coincides rather closely with the surface of maximum stratification in the GS. It sits at about 900-and 300-m depth on the Sargasso and Slope Sea sides, respectively. The mean of these two is 600 m. This could be seen as the average depth of the thermocline in the GS. In somewhat more formal terms the surface transport is measured geostrophically by the difference across the GS of dynamic height anomaly, integrated from a reference pressure to the surface:
where ␦ is specific volume anomaly and p is pressure. The volume transport is measured by the difference potential energy anomaly across the GS of the (Fofonoff, 1962) :
The integral differs from the dynamic height anomaly integral with the factor p inside, which measures from what depth the major contribution of ␦ comes from. ␦ increases rapidly from below across the main thermocline at 900 and 300 m for the Sargasso and Slope Sea sides, respectively, for an average of 600 m.
APPENDIX B
The H.M.S. Challenger crossed the GS May 1, 1873 during its transit from Bermuda toward New Jersey. The data are tabulated in the Challenger report (Tizard et al., 1885) . The units are°F and fathoms. The Miller-Casella thermometers were min-max thermometers with protected bulb. Although the Challenger expedition included extensive studies of seawater chemistry, concurrent water samples for salinity determinations were not taken. By modern standards the data have significant shortcomings-particularly for water mass analysis. But for several reasons these need not apply for estimating transport, especially given what we know today about the GS, and the application of the dynamic method. The first and principal reason is that estimating velocity as a function of depth depends only upon the difference in density structure between two points. Taking this one step further, if one wants total transport by the current, one needs only know the density profiles to either side, just outside the current. That is the remarkable beauty of the dynamic method. The second reason lies in the fact that density depends principally upon temperature so uncertainty in accuracy of salinity need not be a limitation. We further know that below about 11°C salinity has a very tight correlation with temperature across the entire current and even up to 18°C on the Sargasso Sea side (11°C is quite shallow on the northern side) so it is only in the top ϳ200-m salinities exhibit large variability which includes a large seasonal component. We also surmise that the T/S-relationship has changed little over time. These factors greatly facilitate the estimation of baroclinic transport. But we can do better than this thanks to the well-defined structure of the density profile.
Meinen and Watts (2000) described a methodology for estimating the most probable temperature profile from the integral measurement of acoustic travel time from an inverted echo sounder on the ocean bottom. It owes its success to the fact that the temperature, salinity and density exhibit well-defined patterns of variability for a given location. By sorting profiles as a function of acoustic travel time, one will know with considerable accuracy the profile associated with a given travel time. This method, which now goes by the name of Gravest Empirical Mode (GEM), can use other observables as input to estimate the water column structure, one example being the depth of an isopycnal neutrally buoyant float (Perez-Brunius et al., 2004) . For the Challenger section we need to find the best estimate of density structure given knowledge of the upper ocean temperature structure. Experimenting with the large body of modern hydrographic data used in SR we found that an average temperature between 300 and 900 dbar south and 200 to 800 dbar north of the stream exhibited the strongest correlation with the density field. Finally, we note that to estimate transport we are interested in the vertical integral of the density profile.
To estimate baroclinic transport, we need the potential energy anomaly defined as
at two points bracketing the flow of interest, where p is pressure (from 0 to 2000 dbar) and ␦ is the specific volume anomaly (Fofonoff, 1962) . For this purpose we have an excellent archive of 120 carefully reviewed GS sections (SR). We then correlate with average temperature for prescribed depth range north and south of the stream (depths are multiplied by 1.01 to approximate pressure in dbar). Given this correlation, the corresponding temperatures from the Challenger section will give us 2 to the south and 1 to the north. Baroclinic mass transport is then figure, they fall within the scatter of modern day observations. (A cursory inspection of SST trends for the last 150 years in the western Sargasso Sea suggests that temperatures may have been ϳ0.5°C lower at the time of the Challenger cruise. We know nothing about differences in the water column. The SST data were obtained from http://www.cru.uea.ac.uk/ cru/data/temperature/.) The final step is to take their difference, divide by f and the average density and we obtain a volume transport of 73.5 Sv. This is plotted in Figure 10 using Figure 7 in SR.
Of course, we know little about the accuracy of the temperature profiles, in terms of both temperature and depth, but the greatest uncertainty may well be the ocean itself as noted earlier, not the measurements. The reason is the insensitivity of the differential estimate to instrument error. Suppose the thermometers all read 0.5°C too high (absolutely no reason to think this is the case), then the estimated transport would be only 3.9 Sv less. Similarly, if the depths were actually shallower by 5% (due to vertical shear acting on the lowered rope; pressure was not measured) the transport would be 5.6 Sv less. But again such a large error is highly unlikely because they were careful to steam to keep the line vertical (which had 150 to 200 kg as load for depth sounding).
